Abstract-A Multiwavelength BEFL with virtual mirror concept is demonstrated with an additional pump power to provide higher gain. 616 mW provided by a 975 nm pump is added to the conventional of 130 mW 1480 nm pump. Wide tuning range of 39 nm wavelengths was achieved and maximum of 9 laser lines was observed from the proposed design.
BEFL is a hybrid technique of fiber laser that integrates the high gain from Erbium Doped Fiber Amplifier (EDF A) with the very narrow Brillouin gain from the Stimulated Brillouin Scattering (SBS) effects in one laser cavity. This hybrid technique was discovered by CowIe [11] to overcome the low magnitude issue in BFLs. BEFL offers very small and constant wavelength spacing which is needed in DWDM technology. Besides that, higher number of channels with wide tunability is also an important feature in DWDM.
A lot of study had been carried out to increase the number of channel and tunability in BEFL. For instance by adopting the pre-amplified Brillouin Pump (BP) technique which was first demonstrated in linear cavity [12, 13] . Wide tunability was achieved as the BP is amplified before entering the Brillouin gain medium to produce higher intensity of light to efficiently 978-1-61284-264-6/11/$26.00 ©2011 IEEE When a certain value of power known as the SBS threshold is exceeded, a Brillouin Stoke (BS) is initiated in the DCF which is downshifted in frequency (0.08 nm) and propagates in the opposite direction of the BP. Meanwhile, the generated BS signal will enter the cavity through leg 2 and leg 3 of the CIR and circulates in the cavity. 50% of the signal is tapped by C2 to be measured at the OSA while another 50% of the signal will be fed back into the DCF to become the BP for the next order of BS. Likewise, this second order of BS is generated if the SBS threshold power is fulfilled and will oscillate in the cavity and being amplified by the EDFA in the cavity. Then, the second order of BS will become the BP for the next order of BS and this operation of BEFL will continue to cascade the BS signals until the gain that circulating in the cavity is insufficient to overcome the SBS threshold anymore. At this point, the operation of BEFL is terminated.
III. RESULTS AND DISCUSSIONS
The free running cavity mode was first observed without the injection of the BP signal. Both 975 nm and 1480 nm pumps were set at their maximum power of 616 mW and 130 mW respectively. As shown in Fig. 2 , the peak gain of the cavity appeared at around 1530 nm wavelength. Then, the tuning range of the system was investigated. In this experiment, the BP signal was varied from 1523 nm to 1566 nm wavelength in the step of 1 nm to observe the presence of the self lasing cavity mode. The BP power was set at 6 dBm. The tuning range of this system is still remained wide as the conventional one with additional power of 616 mW. As long as 39 nm of BP wavelengths was recorded which is free from the presence of self lasing cavity mode. This wide tuning range resulted from the weak reflectivity of Rayleigh Scattering Effect as was reported in [5] . Fig. 3 depicts the injection of BP signal at 1525 nm, 1545 nm and 1564 nm wavelengths to show the range of BP wavelengths where the self lasing cavity modes are fully suppressed.
As higher gain was obtained with the additional 975 nm pump in bidirectional pumping scheme, higher number of channels was able to achieve. Maximum of 9 laser lines were observed from the system which can be tuned to over 21 nm BP By further tuning the BP signal to 1562 nm until 1564 nm, the number of channel further dropped to 7. This decrement resulted from the shape of the Erbium gain where a reduction occurs at longer wavelengths area. Fig. 5 shows the 9 stable laser lines at 1530 nm and 6 dBm of BP wavelength and power respectively. In this experiment, the number of channels was recognized as the laser outputs with the peak powers of above -20 dBm. However, it was found that the peak of the 10 th laser output was not stable which made it not counted as the channel output number. The virtual mirror BEFL with bi-directional pumping scheme was successfully demonstrated. 9 stable laser lines which have the tunability of 21 nm wavelength were observed. This higher number of channels generated resulted from the additional of substantial gain power provided by the 975 nm pump from the bidirectional pumping scheme. This result shown that low number of laser output generated from the previous design was limited by the pumping power. It requires a substantial gain to saturate the lower order of the Brillouin Stoke.
